Abstract Presently, evidence for the efficacy of medications for the treatment of juvenile fibromyalgia syndrome (JFMS) is limited. While there are medications approved by the US Food and Drug Administration (duloxetine, milnacipran and pregabalin) for adults with fibromyalgia syndrome, there are none for the treatment of JFMS. A variety of medications have been prescribed for the treatment of JFMS, including (but not limited to) non-opioid analgesics, opioids, anticonvulsants, antidepressants, and muscle relaxants. Psychological therapies, most prominently cognitive behavioral therapy, are the most evidenced-based treatment modalities for JFMS. A multidisciplinary approach, combining pharmacological, behavioral and exercise-based modalities is currently the standard of care for JFMS. In the future, more stringent randomized, controlled trials with longer follow-up periods are needed in order to determine the long-term efficacy and safety of medications in the treatment of JFMS. Additionally, improved recognition of JFMS will allow for better patient recruitment to permit for adequately powered study designs.
Introduction
Juvenile fibromyalgia syndrome (JFMS) is a non-inflammatory, musculoskeletal, chronic pain condition with a high prevalence [1] [2] [3] [4] . The lack of validated diagnostic criteria and evidence-based consensus guidelines and limited knowledge regarding the epidemiology and natural history of JFMS make treating these children challenging. Our purpose is to provide an update on the current treatments for the management of JFMS as well as to highlight recent advancements. Various studies have reported on the use of a variety of medications for the treatment of JFMS, but there are few modern literature reviews of the treatment approaches for JFMS. We seek to provide an evidence-based, critical review of both the pharmacological and non-pharmacological management of chronic, pediatric, non-inflammatory, musculoskeletal pain. Although there are no medications approved by the US Food and Drug Administration (FDA) for use in JFMS, there are a plethora of medications that have been explored, which we will summarize.
Background and Epidemiology
Chronic widespread pain is estimated to be common among children and young adults, with prevalence rates ranging from 2 to 6% among school-aged children [5] [6] [7] . There are a number of different chronic, non-inflammatory pain conditions in children, and it is worth explaining the various terminologies used. Amplified musculoskeletal pain syndrome (AMPS) is a descriptive term for syndromes involving central and/or peripheral sensory amplification that encompasses the entire spectrum of manifestations of chronic pediatric musculoskeletal pain. AMPS can be separated into several subsets including patients with overt autonomic signs (including complex regional pain syndrome types I and II), patients without autonomic signs (including diffuse idiopathic pain and localized amplified pain), and patients with tender points or widespread pain with multiple associated symptoms [fibromyalgia syndrome (FMS)] (Fig. 1 ) [8] .
Yunus et al. first proposed criteria for FMS in adults in 1981 and in children in 1985 (Table 1) [9, 10] . While the Yunus and Masi criteria have not been validated, they are the only criteria created specifically for children and are standardly used in this patient population. Tables 2, 3 and the ACR criteria of 1990 utilize tender point counts along with widespread pain lasting at least 3 months [11] . Criteria for tender point count in adults is satisfied if 11 of 18 sites are affected, whereas in children, involvement of only five of 18 sites satisfies the criteria. Adult criteria were further redefined by the ACR in 2010/2011; trigger points are not counted, but rather the number of painful regions of the body are, and there is a severity score accounting for both severity and number of somatic complaints [12, 13] . These criteria were validated in adolescent girls by Ting et al. [14] . The adult criteria have been further revised to decrease the number of somatic symptoms needed [15] .
Notably, depending on the physical exam findings at the time of the medical appointment, a patient may or may not meet criteria for JFMS on that specific date. Therefore, this diagnosis is dynamic and fluctuates over time. As made clear in the most recent criteria, a diagnosis of fibromyalgia does not preclude the presence of other, potentially more acute and severe medical problems. Therefore, a child with JFMS may still have an inflammatory chronic pain condition or neurological deficit in addition to his or her JFMS; this must not be dismissed by the medical provider nor the patient and the patient's family. Additionally, a child with JFMS may experience an evolution of his or her symptoms and, thereby, develop a new diagnosis of complex regional pain syndrome or another manifestation of AMPS.
JFMS is more prevalent in Caucasians, and girls are affected approximately 4 times more than boys [10, 16, 17] . Although described in patients as young as 2 years old, the majority of patients with JFMS present in Fig. 1 Spectrum of amplified musculoskeletal pain syndromes. There is significant overlap between the various pain manifestations. Along with pain, all patients are likely to have some degree of fatigue, muscle aches, and sleep and mood disturbances, along with a host of other possible somatic complaints (see 2010/2011 fibromyalgia criteria, Table 3) late childhood and early adolescence, with a reported mean age of onset of 12-13 years [18] . Common findings associated with JFMS include increasing pain over time, allodynia (pain with light touch), disproportional dysfunction, widely varying symptoms, an incongruent affect and conversion symptoms. The etiology of JFMS is unknown, but frequently it is seen in the setting of injury, illness or psychological distress. Hormonal and genetic factors may also play a role [19] .
Pharmacological Management
There is a paucity of evidence supporting the use of pharmacological treatment in JFMS. In fact, while there are FDA-approved medications (duloxetine, milnacipran and pregabalin) for adult FMS, there are no FDA-approved medications for the treatment of JFMS [20, 21] . Additionally, medications that have been used in adults have, Table 2 12 and is calculated by adding the sum of the self-reported severity scores for three core symptoms (fatigue, waking unrefreshed and thinking difficulty; 0 = no problem, 1 = mild problem, 2 = moderate problem, 3 = severe problem, for a total possible score of 9) and a symptom checklist score (0 = no symptoms, 1 = 1-10 symptoms, 2 = 11-24 symptoms, 3 = 25 ? symptoms, for an additional possible 3 points). The symptoms may include muscle pain, headaches, tiredness, muscle weakness, abdominal pain, nausea, nervousness, dizziness, thinking problems, irritable bowel symptoms (bloating, gas, intermittent diarrhea/constipation), chest pain, insomnia/ trouble getting or staying asleep, easy bruising, depression, ringing in ears, numbness, dry mouth, loss of appetite, heartburn, blurry vision, shortness of breath, frequent urination, dry eyes, itching, Raynaud (hands or feet with color changes), ongoing constipation, ongoing diarrhea, oral ulcers, hair loss, loss of taste or change of taste, hearing difficulties, wheezing, vomiting, bladder spasms, painful urination, hives/welts, seizures, sun sensitivity, light sensitivity other than sun sensitivity, noise sensitivity, sensitivity to strong smells, seeing spots, partial or total blindness, double vision, difficulty reading, lightheadedness or feeling woozy, balance problems, fainting or near fainting, heart racing/palpitations, uncontrollable shaking of muscles, twitching of muscles or tics, inability to move part of body/paralysis, part of body so stiff it cannot bend or move, reversal of day/night sleep wake cycle, and severe menstrual cramps for the most part, not been studied in well-controlled trials in JFMS.
Non-opioid Analgesics and Anti-inflammatory Medications
The majority of children with JFMS and their parents commonly seek out over the counter medications. These include topical and oral analgesics and non-steroidal anti-inflammatory drugs (NSAIDs), all of which have been used in the treatment of JFMS, but overall are not effective [20] . This lack of efficacy is felt to be due to the drugs' peripheral action, which provides little benefit for FMS given the underlying centrally mediated pain mechanisms [19] . There are no controlled studies reporting the effects of salicylates or other NSAIDs in either adult FMS or JFMS [22] . A crosssectional cohort study from 1991 examined the presenting features, medications and diagnostic testing of 15 children presenting to a private rheumatology practice over the course of 2 years [23] . In this study, none of the patients responded to a salicylate or other anti-inflammatory medication. In our experience, the lack of response to anti-inflammatory medications is a key clue to the diagnosis. A study from 1986 compared the effectiveness of amitriptyline versus naproxen in the treatment of adults with FMS [22] . In this 6-week, double-blind trial, 62 adult patients were randomly assigned to one of four treatment arms: (1) amitriptyline 25 mg nightly; (2) naproxen 500 mg twice daily; (3) amitriptyline plus naproxen; or (4) placebo. Amitriptyline was associated with improvements in all outcome parameters (including patient and physician global assessments, patient pain, sleep difficulties, fatigue, and tender point score, with p \ 0.001 for all variables of interest). Evaluation of these parameters among those who received naproxen did not reveal significant improvements. Additionally, naproxen together with amitriptyline was not determined to have a synergistic effect.
Prednisone, likewise, has not been found to be effective in the treatment of adult FMS, although data in the pediatric population are lacking. Clark et al. performed a double-blinded, crossover trial to compare the effects of prednisone (dosed at 15 mg/day) versus placebo [24] . Treatment was administered for 14 days, before subjects were crossed over to the alternative regimen. There was no significant improvement in pain, sleep disturbances, morning stiffness, fatigue or dolorimetry readings.
Anticonvulsants
The gabapentinoids, including pregabalin and gabapentin, were originally designed as anti-epileptics, but are commonly used for the treatment of chronic pain. Pregabalin and gabapentin both function by binding to the alpha 2 -delta subunit of voltage-gated calcium channels in the central nervous system, and the former has FDA approval for the treatment of FMS [25] . Additionally, the use of pregabalin is recommended in published treatment guidelines for adult FMS [26] [27] [28] [29] .
Arnold et al. recently examined the safety and efficacy of pregabalin in adolescents with fibromyalgia [30] . The study was a randomized, double-blind, placebo-controlled trial with a 6-month open-label extension. It was conducted in four different countries (36 centers in total) in subjects between 12 and 17 years of age, and they defined JFMS by the Yunus and Masi criteria [10] . Pain alleviating medications were discontinued prior to the start of the trial; however, acetaminophen (maximum dosage of 3 g/day) was allowed as a rescue medication, with no medication restrictions enforced during the open-label study. Additionally, non-pharmacological therapy started more than 30 days before the onset of the study was permitted. Randomization to pregabalin or matched placebo was performed 1:1. Medication was administered twice daily starting at a dosage of 75 mg/day and titrated up over Table 4 The 2016 revision to the 2010/2011 American College of Rheumatology (ACR) criteria for fibromyalgia syndrome [15] 1. Generalized pain, defined as pain in at least 4 of 5 regions*, is present 2. Symptoms have been present at a similar level for at least 3 months 3. Widespread pain index** (WPI) C7 and symptom severity scale score*** (SSS) score C5 or WPI 4-6 and SS scale C9 ***Symptom severity scale score may be as high as 12 and is calculated by adding the sum of the self-reported severity scores for 3 core symptoms: fatigue, waking unrefreshed and thinking difficulty (0 = no problem, 1 = mild problem, 2 = moderate problem, 3 = severe problem for a total possible score of 9 and a symptom checklist score of 1 point each for headache, pain or cramps in the lower abdomen, and depression 4 weeks to an optimal dosage (maximum of 450 mg/day). This dose regimen is slightly lower than that approved for studies in adult FMS (300-450 mg/day; starting dosage 150 mg/day) [2] . Subjects in the double-blind study received their optimized dose for the 12-week maintenance phase, while subjects in the open-label study could have their dose adjusted throughout the following 6 months. The primary study outcome was change from baseline in mean pain score at study endpoint. The pain score was determined from the subjects' daily pain diaries, with entries performed daily in the afternoon and evening, with a 24-h recall period. A total of 107 subjects were included in this study, with 54 randomized to pregabalin and 53 to placebo. The majority were female, and the mean age was 14 years. Regarding the primary study outcome, there was no statistically significant improvement among those treated with pregabalin. The treatment difference was -0.66 (95% CI -1.51 to 0.18), with a p value of 0.121. In sensitivity analyses, the primary outcome showed the same trend towards improvement, but this was not statistically significant. However, the study's secondary outcomes showed the change in weekly mean pain score was greater with pregabalin for 10 of the 15 weeks assessed (p \ 0.05), and there was also a significantly greater change in pain score at week 15 [treatment difference -0.87 (95% CI -1.68 to -0.05)], with a p value of 0.04. The main adverse events observed included dizziness and nausea. It is notable, however, that the incidence of nausea and fatigue was higher in this study compared with studies of adults (22.2 vs. *8% and 14.8 vs. *7.5%, respectively); 21.6% had significant weight gain, and one had major depression. Thus, this study did not demonstrate clear efficacy of pregabalin in the treatment of JFMS and demonstrated a slightly worse safety profile compared with adults.
There is a paucity of data regarding the efficacy of gabapentin in the treatment of JFMS and no controlled studies; however, given the similar mechanism of action as pregabalin, it has been administered for the treatment of JFMS. In 2007, Arnold and colleagues published the results of a 12-week, randomized, double-blind study comparing gabapentin (1200-2400 mg/day) to placebo in adults [31] . The primary outcome was the Brief Pain Inventory (BPI) average pain severity score (range 0-10, where 0 = no pain and 10 = pain as bad as you can imagine). Subjects treated with gabapentin had a significantly greater improvement in the BPI average pain severity score with a difference of -0.92 (95% CI -1.75 to -0.71) (p = 0.015). The mean pain score fell from 5.8 to 3.2 in those on gabapentin and from 6.0 to 4.6 in those on placebo. The medication was well-tolerated, and there were also positive findings regarding the secondary study outcomes.
A recent study examined the potential benefit of a novel form of extended-release gabapentin in a 15-week, openlabel, single-arm, single-center study in adult FMS [32] . Those who had failed gabapentin and pregabalin because of side effects, and did not have autoimmune conditions and were not taking opioids, were eligible. Subjects were prescribed an extended-release gabapentin for a total of 12 weeks. Gabapentin extended release utilizes gastric retention technology so that it can be taken once a day. Additionally, the titration period is shorter (2 vs. 6 weeks). A total of 34 subjects were enrolled in this study, and 29 completed it. The primary outcome was pain relief as measured by the Numeric Pain Rating System (NPRS) scores. Patients on therapy reported significant pain relief according to the NPRS by the end of 4 weeks (p \ 0.001). This study was limited, however, by its small sample size, short treatment duration (15 weeks) and lack of a control group. For these reasons, subsequent larger studies in children are needed in order to make any recommendations regarding gabapentin extended release.
Anti-Depressants
There are three main classes of anti-depressants employed in the treatment of FMS, with some limited data supporting their use in the pediatric population. These include serotonin-norepinephrine reuptake inhibitors (SNRIs), selective serotonin reuptake inhibitors (SSRIs) and tricyclic antidepressants (TCAs). The two main SNRIs include duloxetine and milnacipran, both of which are FDA approved, but neither of which is approved by the European Medicines Agency for the management of FMS [33] . A meta-analysis in adults reviewed ten randomized-controlled trials assessing SNRIs against placebo in the treatment of FMS (five studies examined milnacipran and five examined duloxetine) [33] . Milnacipran and duloxetine had a small incremental effect over placebo in reducing pain (standardized mean difference -0.23; 95% CI -0.29 to -0.18; 6.1% relative improvement), but did not substantially reduce fatigue and did not significantly improve quality of life. Additionally, subject dropout rates were statistically significantly higher in the treatment groups, with the most frequently reported symptoms including nausea, dry mouth, constipation, headache, somnolence/dizziness and insomnia. Therefore, the minimal benefit of these medications, countered by the potential for side effects, must be seriously considered before prescribing these medications to children.
While there are no studies assessing duloxetine in the treatment of JFMS, milnacipran was assessed in a clinical trial program for JFMS in 2015 [34] . The study included children aged 13-17 years. Among the exclusion criteria were comorbid psychiatric illness and suicidality. The study was designed such that after receiving open-label milnacipran for 8 weeks, subjects with greater than or equal to 50% improvement in pain underwent double-blind randomization (1:2) to either placebo or continued treatment with milnacipran for an additional 8 weeks. All subjects were eligible to enter an extension study with open-label milnacipran (for a total of 52 weeks). The primary endpoint was loss of therapeutic response during the double-blind period. However, due to low enrollment rates, the study was terminated early. The exclusion of children with psychiatric comorbidities and the difficulty in diagnosing JFMS were cited as reasons for a low enrollment rate. Nonetheless, the open-label phase of the study demonstrated improvements in pain and quality of life including function among those treated with milnacipran, albeit modest; the pain score decreased from 6.5 (10 the worse) to 5.4 on average. Additionally, milnacipran was well-tolerated, with more than two-thirds of patients tolerating the maximum dosage of 100 mg/day and a sideeffect profile similar to that in adults. These results should be replicated in larger, multi-centered studies that are powered to detect statistically significant differences.
Fluoxetine is an SSRI that has been used in adults, and there is one exploratory, open trial reported in JFMS [35] . In this study, of the ten recruited subjects, four completed all 12 weeks of treatment, and these patients demonstrated a reduction in pain and a global improvement. However, most subjects only tolerated low doses of fluoxetine, suggesting increased sensitivity to adverse effects in this pediatric population.
TCAs comprise the third class of anti-depressants that are commonly used in the treatment of FMS. Amitriptyline, specifically, is the TCA prescribed for fibromyalgia, with sparse data limited to the adult population. In the aforementioned randomized controlled trial study comparing amitriptyline to naproxen, amitriptyline 25 mg nightly was found to be effective in a number of parameters of FMS [22] . Häuser et al., in a meta-analysis, calculated adjusted indirect comparisons of the efficacy of amitriptyline, duloxetine and milnacipran [36] . This study demonstrated that amitriptyline was superior to duloxetine and milnacipran in reducing pain, sleep disturbances and fatigue, but the validity of these findings is limited by the low methodological quality. There was no difference in the rate of medication discontinuation between groups. In another systematic review, Nishishinya et al. demonstrated that there may be evidence to support the use of short-term, low-dose (25 mg/day) amitriptyline, with improvements in pain, sleep and fatigue; however, there is no evidence to support the efficacy of long-term (12 weeks or greater) treatment or higher dosages (50 mg/day) of amitriptyline [37] .
While anti-depressants may have limited evidence to support their use in the treatment of the symptoms of JFMS itself, they do serve a critical role in treating concomitant psychiatric conditions. Previous research demonstrates that comorbid anxiety and depression are common among children with fibromyalgia, with the prevalence of anxiety ranging as high as 75% and prevalence of depression reported at 25% [18, 38, 39] . Therefore, anti-depressants and mood stabilizers are important in addressing these psychological issues. The black box warning for increased suicidal tendency in young adults with a history of major depressive disorder taking SSRIs should be carefully considered [40] . We recommend that a safety plan be in place in order to monitor for the risk of suicidal ideation and intent and that patients have routine follow-up visits with a psychologist or psychiatrist while prescribed these medications.
Opioid Analgesics
Opioids are substances that act on opioid receptors to produce morphine-like effects and are most commonly used medically to relieve pain. Opioids include opiates, an older term that refers to drugs derived from opium, as well as semi-synthetic and synthetic drugs such as hydrocodone, oxycodone and fentanyl. The ineffectiveness of opioids in the treatment of FMS is thought to be due to the inability of these medications to target the pathophysiological processes involved in this central sensitization syndrome [41] . In fact, the American Pain Society (APS) guidelines recommend that opioid analgesics be used with caution after all other therapeutic options have been exhausted [42] , and current adult FMS treatment guidelines do not recommend opioids. Despite this, approximately 30% of Canadian and American adults with FMS are prescribed opioids [43, 44] . Opioid use for treatment of FMS in adults has been associated with a number of adverse effects, including severe mental illness, substance abuse and suicidal behavior [43] . Opioid use in patients with FMS may also worsen symptoms such as fatigue and cognitive impairment and lead to new-onset depression [45] . Additionally, adult fibromyalgia patients using opioids are more likely to be unemployed and receive disability benefits [46] . Therefore, there is significant harm associated with opioid use for the management of adult FMS.
There is an even greater paucity of data regarding the use of opioids in the treatment of JFMS. However, despite this lack of evidence, opioid prescribing to children doubled between 1990 and 2010 [47] . This alarming trend has been associated with a number of adverse consequences. Accidental opioid poisoning in young children may lead to disability or death. In one study of US poison center surveillance systems from 2006 to 2009, more than 9000 inadvertent exposures to opioids, often necessitating hospitalization, were reported in children younger than 6 years of age and resulted in eight deaths [48] . Recreational use of opioids by adolescents is also a serious concern, and research shows that teenagers with early-onset, non-medical use of prescription drugs are more likely to develop prescription drug abuse and dependence in adulthood [49] . Therefore, judicious use of opioids in the management of pediatric chronic pain is critical for the prevention of opioid addiction and inadvertent poisonings and deaths. Therefore, these drugs should not be used for JFMS.
Opiate Antagonists
Additionally, within the last couple of years, there has been active research assessing the potential use of low-dose naltrexone in the treatment of FMS [50, 51] . Naltrexone is an opioid receptor antagonist used in the treatment of alcohol and opioid dependence. In fibromyalgia, this medication, administered in low doses, is hypothesized to cause temporary blockade of opioid receptors, with a resultant endorphin rebound and attenuation of pain [51, 52] . Daily pain levels were measured longitudinally. Those taking the low-dose naltrexone had greater reduction in baseline pain (28.8% vs. 18.0%; p = 0.016), improved satisfaction with life (p = 0.045) and improved mood (p = 0.039). There were no differences, however, in fatigue and sleep between control and treatment groups. In a pilot study of ten women with FMS, low-dose naltrexone was found to be efficacious in proportion to one's erythrocyte sedimentation rate, and side effects were rare (including insomnia and vivid dreams) and short lived [53] . These studies need to be repeated in larger trials with replications demonstrating similar findings before low-dose naltrexone can be recommended for the treatment of FMS.
There are yet to be published studies assessing the use of low-dose naltrexone in the treatment of JFMS.
Muscle Relaxants
Cyclobenzaprine, which is structurally similar to TCAs, is marketed as a muscle relaxant. Cyclobenzaprine is recommended for the treatment of FMS according to the European United League Against Rheumatism (EULAR) and German and Spanish treatment guidelines [28, 54, 55] . A number of studies have evaluated the efficacy of cyclobenzaprine in the management of adult FMS [54] [55] [56] [57] [58] [59] [60] [61] [62] [63] . Three studies compared cyclobenzaprine to placebo, and they showed improvement in pain [57, 58, 60] , but only two revealed a statistically significant improvement in sleep symptoms [57, 58] . Dosages of 10 mg/day and 30 mg/day have been compared in a crossover design study that showed no additive benefit of a higher dose, but rather an increased incidence of adverse events [62] . In a study assessing the synergy of ibuprofen with cyclobenzaprine, combination therapy was not found to be better than cyclobenzaprine alone in reducing pain or sleep disturbances [61] . However, there was additive pain relief in the use of cyclobenzaprine (10 mg/day) combined with fluoxetine (20 mg/day) in two studies, one of which was a long-term, randomized, placebo-controlled trial [56, 64] . However, when comparing cognitive behavioral therapy (CBT), cyclobenzaprine and combination therapy of the two, it was found that CBT, with or without cyclobenzaprine, was responsible for overall improvement in symptoms [63] . Lastly, a meta-analysis of five trials of cyclobenzaprine demonstrated that patients treated with this medication were 3 times more likely to have global improvement with moderate reductions in individual symptoms, specifically sleep [65] . The number needed to treat for one patient to experience improvement in symptoms was reported to be 4.8 (95% CI 3.0-11). However, replication of these studies in children and adolescents must be performed before applying any of these findings to the treatment of JFMS. Future studies should consider evaluating the efficacy of a new sublingual formulation of low-dose (2.8 mg), slow-release cyclobenzaprine, which would provide an ideal route of administration for children by decreasing frequency of administration and providing a non-tablet formulation [25] .
Non-pharmacological Management
Given the lack of evidence-based medicine for the pharmacological management of JFMS combined with the risk of adverse effects such as suicidal ideation, drowsiness, weight gain and nausea, the risks of pharmacological treatment outweigh any potential benefits. Additionally, the risk of polypharmacy is another deterrent from the prescription of medications for the treatment of JFMS. Therefore, the treatment of JFMS should be conservative with judicial use of medications for symptom management and an emphasis on non-pharmacological approaches.
Complementary and Alternative Medicine
A significant number of children with JFMS use complementary therapies. Typically, these are interventions that are sought out and initiated by their parents without receiving specific recommendations from healthcare providers. These modalities are employed with the goal of relieving stress, pain, and physical and psychological impairment [66] . Examples of such interventions include herbs, lotions, multivitamins, spiritual healing and dietary manipulation [66] .
Dietary Interventions
Regarding dietary manipulation, gluten and hypovitaminosis D are two targets that have been explored in the treatment of FMS. In one study from 2016, vitamin D replacement therapy was assessed in the treatment of chronic nonspecific, widespread musculoskeletal pain in adults with FMS [67] . While this study demonstrated improvements in musculoskeletal symptoms, levels of depression and quality of life with vitamin D replacement therapy, there was no control population or placebo treatment for comparison. In a meta-analysis of 12 studies, hypovitaminosis D was found to be associated with chronic widespread pain, even when adjusting for potential confounders, but the causal relationship between low vitamin D levels and chronic widespread pain has yet to be identified [68] . In one pilot study, children with a number of different musculoskeletal and orthopedic conditions and comorbid hypovitaminosis D were prescribed vitamin D supplementation over the course of 6 months [69] . Measures of pain and physical functioning were found to be improved, but again, the validity of these findings has yet to be demonstrated in randomized studies with a focus on JFMS.
Celiac disease and non-gluten celiac gluten sensitivity (NCGS) both have been found to have a high prevalence in patients with FMS [70, 71] . In a study of 50 children with JFMS, only one had celiac disease, and her pain level increased when on a gluten-free diet [72] . While screening for celiac disease in all subjects with chronic widespread pain may not be feasible, patients may choose to undergo a trial of a gluten-free diet in an attempt to help alleviate their pain [73] . However, in an open-label, randomized, clinical trial comparing the effects of a gluten-free diet compared with a hypocaloric diet among adults with FMS, there was no difference between the two diets with regard to reducing the number of gluten sensitivity symptoms or secondary outcomes (sleep, anxiety, depression and overall well-being) [74] . In the authors' experience, we do not typically recommend dietary changes for the treatment of JFMS. However, if children themselves would like to opt for a gluten-free diet without it taking a toll on their quality of life and overall mood, we would not discourage it. We advise, however, that adhering to a strict gluten-free diet is difficult to maintain and may have negative effects on one's overall quality of life. The same holds true for other dietary changes or supplementation such as the use of omega-3 and probiotics [75] .
Mind-Body Interventions
In addition to dietary changes, other complementary medicine interventions include mindfulness-based stress reduction, tai chi and yoga. One study demonstrated improvement in function, pain tolerance as well as reduced catastrophizing among children practicing mindfulness meditation [76] . Additionally, mindfulness training has been shown to be beneficial in adults with FMS [77, 78] . Jastrowski et al. performed a randomized, controlled, pilot study of mindfulness-based stress reduction in the treatment of pediatric chronic pain, but due to a small sample size (n = 6), the researchers were unable to determine the effect of mindfulness on the outcomes of interest [79] . Yoga and tai chi, like mindfulness meditation, can improve self-efficacy while promoting physical activity. Similarly, there is limited evidence evaluating the outcomes of yoga, but two studies demonstrated improvements in pain and functioning in adolescents experiencing chest pain and gastrointestinal symptoms [80, 81] . A randomized controlled trial of tai chi in adults revealed improvements in both subjective and objective assessments of pain and quality of life, with these improvements sustained at 24 weeks [82] . Further investigations assessing the applicability of these alternative practices to the treatment of JFMS are warranted in order to make formal recommendations; however, the authors see no harm in children with JFMS participating in these practices.
Acupuncture and Transcutaneous Electrical Nerve Stimulation
There are no studies in children but a few in adults examining the effects of acupuncture. Results from these studies varied, with some finding no evidence supporting acupuncture [83, 84] , two with inconclusive results [85, 86] and three finding positive effects on pain [85] [86] [87] [88] [89] . Given the lack of supportive evidence for this invasive modality, the authors do not recommend the use of acupuncture in the management of JFMS and have had children report increased pain during and after a treatment. Transcutaneous electrical nerve stimulation (TENS) is the application of electrical current through electrodes placed on the skin for pain control. TENS can be applied with frequencies ranging from low (\10 Hz) to high ([50 Hz). Intensity can also be varied from sensory to motor intensities, the latter of which usually involves a motor contraction, but is not painful [90] . Determination of the correct settings of TENS and preventing tolerance to repeat application of TENS are factors that make it challenging to determine its overall effectiveness, especially in JMFS.
A recent randomized controlled trial assessed the treatment effects on pain of transcranial direct-current stimulation (tDCS) [91] . This modality, similar to TENS, is a non-invasive brain-stimulation technique. While, the results of this study suggest that tDCS reduces pain levels in patients with FMS, the study reported small effect sizes, and although statistically significant, the findings do not translate into clinically meaningful findings. While the researchers state that no patients experienced serious adverse effects, the evidence is not sufficiently convincing to apply the treatment to children. The authors have patients who report marked pain after a TENS treatment.
Sleep Hygiene
The role of sleep in improving pain and decreasing symptoms of fatigue in JFMS has been explored and is somewhat controversial. In adults, there is conflicting literature demonstrating whether or not adults with sleep apnea have an increased incidence of FMS [90] [91] [92] [93] [94] . Previous research demonstrates that children with JFMS have altered alphadelta sleep, but that this sleep abnormality does not correlate with chronic pain or subjective sleep quality [95] . Hoffart et al. performed a prospective longitudinal study assessing sleep in adolescents with chronic pain who completed an interdisciplinary rehabilitation program [96] . Similarly, this study revealed improvements in insomnia, sleep satisfaction, daytime fatigue and sleep disturbance; however, these findings were not mirrored in objective sleep data using actigraphy. Therefore, patients' subjective assessment of sleep quality may affect long-term outcomes more than physiological changes in actual sleep quality. Therefore, good sleep hygiene is recommended as part of the treatment of JFMS. These recommendations are outlined in Table 5 .
Cognitive Behavioral Therapy
Psychological therapies, most prominently CBT, are the most evidenced-based treatment modalities for JFMS. Prior research in both adults and children has demonstrated the effectiveness of CBT for FMS [95] [96] [97] [98] [99] [100] . The treatment is usually delivered by a trained psychologist in a 6-8 weekly session format, and parents typically participate in treatment so that they can effectively support their child throughout treatment and maintain these behavioral interventions upon completion of therapy. CBT trains patients to use specific cognitive and behavioral strategies to cope with their pain and reduce disability secondary to their pain. CBT includes educating patients about the body's pain mechanisms and identifying and changing negative thoughts related to pain and training in behavior management strategies [101] . Thus, CBT replaces maladaptive coping mechanisms with more supportive coping mechanisms that allow the child to continue to function despite his or her pain. CBT, in combination with routine medical care, has been shown to improve daily functioning and mood and reduce pain [99, 100, 102] . These improvements have been shown to be sustained up to 6 months after treatment [99] . Sil et al. determined that patients with initial high levels of coping efficacy were 1.6 times more likely to have a positive response to CBT [103] ; therefore, a patient's ability to cope should be gauged prior to therapy to help guide the intensity of therapy.
Given the limited number of available psychologists, researchers have sought to leverage technology via internetbased interventions using CBT methods in other pediatric chronic pain conditions, with promising results [104, 105] . Future studies should assess the efficacy of internet-based interventions specifically in a cohort of patients with JFMS.
Exercise-Based Approaches
Physical activity and cardiovascular exercise in addition to physical and occupational therapy are key components in the effective treatment of both adult and pediatric FMS [18, [104] [105] [106] [107] [108] [109] [110] [111] [112] . It has been demonstrated via actigraphy that children with chronic pain are less physically active than their peers [113] . Additionally, via biomechanical assessments it has been shown that adolescents with JFMS have functional deficits affecting gait, posture, balance and movement [114] . The APS published treatment recommendations for children and adults with FMS in 2005 that recommended a minimum of 30 min per day of cardiovascular exercise for 2-3 days out of the week [115] . In a study assessing the ability of CBT to increase physical activity, it was found via actigraphy monitoring that CBT alone did not result in increased physical activity [116] . Therefore, a multidisciplinary approach, combining CBT and prescribed physical activity, is recommended.
Multidisciplinary Approaches
The multidisciplinary treatment regimen for FMS is multifold, including pharmacological, behavioral and exercisebased modalities [117] . This multidisciplinary approach is [19, 118, 119] . Both inpatient and outpatient treatment programs have been found to be effective, with the former producing faster improvements in treatment outcomes [120, 121] . In a study of 64 children with JFMS in a tertiary care, inpatient, intensive treatment program, consisting of intensive physical and occupational therapy and psychotherapy, children experienced significantly improved function and pain by both subjective and objective measures [18] . The physical and occupational therapy was 1:1, 5-6 h a day for an average of 23 days, and each child had a minimum of 4 h of psychological support. The pain score (10 the worst) was initially 6.6 and fell to 2.5 at the end of the treatment program and 1 year later was 2.0. In a similar manner, function, subjectively and objectively, significantly improved, as did the quality of life scores.
Regarding improving the impaired biomechanics seen with JFMS, a combined intervention program of CBT techniques with specialized neuromuscular exercise has been shown to improve the mechanics of walking gait and functional performance [122] . Additionally, this combined therapy program was more successful than an intervention comprising CBT alone [99] . The study showed high retention rates, with improvements in functional disability, depression, fear of movement, energy level and pain catastrophizing [123, 124] .
The challenge remains in determining the long-term efficacy of multidisciplinary treatment programs. While children tend to do well in the immediate period, one prospective longitudinal study found that more than 80% of patients with JFMS continue to have symptoms of fibromyalgia in early adulthood and 51.1% of study subjects meet the adult ACR criteria for fibromyalgia [125] . Therefore, more needs to be done to ensure that treatment outcomes persist into adulthood and what treatment factors lead to long-term success.
Conclusion
A variety of medications have been prescribed for the treatment of JFMS, including (but not limited to) nonopioid analgesics, opioids, anticonvulsants, antidepressants and muscle relaxants [126] . Presently, evidence for the efficacy of medications for the treatment of juvenile fibromyalgia is limited. The current mainstay of treatment consists of a multidisciplinary approach including psychological counseling, physical activity and possible pharmacological interventions, although use of the latter is controversial. We acknowledge that there are a plethora of symptoms that a child with JFMS may experience, and therefore, children may benefit from symptom-targeted therapeutic approaches (e.g., oral contraceptive for dysmenorrhea), but these are beyond the scope of the review. Examples of other pain manifestations accompanying JFMS include dizziness, postural orthostatic tachycardia syndrome, irritable bowel syndrome, interstitial cystitis, and vulvodynia as well as a host of psychological issues including disordered eating, suicidality, self-inflicted injury such as cutting, and drug addiction. Therefore, patientcentered, individually tailored treatment programs are ideal.
The current lack of a standardized treatment regimen for JFMS combined with the fact that it is a challenging diagnosis to make presents potential risks for patient safety as well as increased healthcare expenditure. Currently, given the variety of pharmacological agents without a clear consensus on the efficacy of these medications, there is a risk of unnecessary polypharmacy. A major concern with polypharmacy is the greater potential for cumulative toxicity and adverse events with drug-drug interactions from multiple medications as well as increasing complexity of a medication regimen. This can lead to drug-drug interactions that may have dangerous consequences for the patient as well as unwarranted excessive medical costs. Additionally, children undergo numerous diagnostic tests and are seen by multiple medical specialists before receiving a diagnosis of JFMS, which further magnifies the associated medical costs [127, 128] . There is therefore an increasing need to reduce the over-medicalization of children with JFMS as well as limit polypharmacy.
Future research in JFMS should place an emphasis on promoting lifestyle changes that allow for patients to maintain long-term success. We argue that physicians, mental health providers, and physical and occupational therapists should work towards providing children with the tools to cope with and alleviate their own pain. This will enable them to harness the mechanisms needed to manage their pain should it reoccur, thereby ensuring their long-term success. Additionally, there is a need for long-term outcomes research to include outcomes other than pain and physical functioning, such as the presence of mental health disorders (including suicidality and eating disorders) and other nontraditional pain symptoms (e.g., irritable bowel syndrome) or surrogates thereof (e.g., healthcare utilization).
The complexity of the physical and psychosocial manifestations of JFMS demands an equally complex assessment of treatment outcomes. From a pharmacological standpoint, this means more stringent randomized, controlled trials with longer follow-up periods in order to determine the long-term efficacy and safety of medications. Similarly, improved recognition of JFMS will allow for improved patient recruitment to permit for adequately powered study designs.
